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THE EFFECTS OF ALTERNATIVE SMOKING POLICIES ON 
INDOOR AIR QUALITY IN 27 OFFICE BUILDINGS 

Alan Hkikji:,* William A. Erickson* and Gail RubinI 

•Dcpiirlmcnt of Design and Environmental Analysis, Cornell University. Ithaca. New York. U.S.A.: 
and + Biometrics Unit. Cornell University. Ithaca. New York. U.S.A. 

iRirvirvtl 7 September 1993 and'in final form 7 Devanbw 1993): 

Abstract The effect of alternative smoking policies, ,which prohibited or restricted smoking, on 
indoor air quality was studied in 27 air-conditioned oHicc buildings. Carbon monoxide, carbon 
dioxide, respirable particulates, formaldehyde, ultraviolet purlicuUitc matter (U.v.PM). nicotine, air 
temperature, relative humidity and illumination were measured at eight sample sites in each building. 
Smoking policy had no effect on carbon monoxide, carbon dioxide, relative humidity, formaldehyde, 
air temperature or illumination for open office areas. It did have an effect on lcvels of respirable 
suspended particulates, ultraviolet particulate matter and nicotine. 


INTRODUCTION 

Tobacco smoking indoors can he a source ofia number of indoor air contaminants, 
especially'.paniculatematter (iH<>ix;sos. 1989) and gaseous products (Godish. 1990). 
Burning tobacco releases inio the air several thousand I pollutants, of which about 400 
have beeni quantified (llfS; Si:rc;i:on Generai.. 1986: Eisesbi:rg. 1992). Environ¬ 
mental .tobacco smoke (ETS) is an aerosol comprising vapour and paniculate phases, 
both of which contain many organic and inorganic compounds (Eatoush et tiL. 1988: 
Gil:i kin e/1992). ETS is a combination ofl sidestream:smoke front the burning 
cigarette and I exhaled mainstream smoke front the smoker (Gukrin et, ai . 1987: 
RiAscm. 1987). The exposure of non-smokers to ETS or to ‘second-hand smoke* is 
termed ‘involuntary snicking' or ‘passive smoking* IPouviulf:, 1990). Passive smoking 
has been identified as a risk factorfOr chronic health problems, sucluas lung cancer and 
cardiovascular disease (On in: oi Th< hnoi.ouy Assessment; 1986). and for the sick 
building syndrome ( Roiu kikon cru/., I988 )j 

1 In an attempt to improve .indoor air quality in the workplace and to reduce risks of 
the sick building syndrome (SiBS) among workers. 42% of U.S. office buildings now, 
prohibit tobacco- smoking (iINti knationai. Fac munis Management Association. 
1992). However, up to one-third of workers in U.S. office buildings arc smokers 
(Ili Dca cm/L 1991: Ohdaki r a ah, 1992). andllo balance the needs of non-smokers 
and smokers many companies have chosen to implement spatially restrictive smoking 
policies rather than lo prohibit smoking. Several such policies arc operated currently. 
Sometimes smoking is confined to areas with a ventilation system which is separate 
from that for the non-smoking offices. In some buildings smoking is simply confined to 
certain areaswithout any localized air treatment befbre it is returned lo the ventilation 
system, in others localized air filtration removes the bulk of the ETS pollutants befbre 
the air returns to the ventilation system, and rather ilium requiring smokers to 
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congregate in specific places, some companies restrict smoking to individual enclosed 
offices or to open-plan partitioned cubicle workstations. 

Spatially restrictive smoking policies appear to have lit tile impact on indoor air 
quality. Sterling ei al (1987) compared two similar office floors, one where smoking 
was unrestriciedl and one where il was restricted to a designated area. Nicotine 
concentrations were elfevalcdi on the unrestricted smoking floor (average of 
4.9//g m ' v ). but there were no significant differences in the concentrations of carbon f 
monoxide, carbon dioxide or respirable particulates: Ou>akf.r ei ui . (1992) compared * 
two buildings where smoking was restricted to lounges with two buildings where 
smoking was unrestricted. They found that concentrations of respirable particulates 
were higher in the unrestricted smoking buildings, otherwise smoking activity had a 
negligible eflcct on indoor pollutants. 

A field experiment was conducted to test the eflcct of five smoking policies 
(prohibition and various forms of spatial restriction) on indoor air quality in 27 air- 
conditioned office buildings. 

METHODS 

Smokiny. policies 

Five smoking policies were selected fori investigation: smoking prohibited (SP): 
smoking restricted to rooms vend lined by a separate ventilation system (RSV): \ 
smoking restricted to rooms with local electrostatic air fib ration units (RF): smoking ;j 
restricted to areas with no local air treatment (RNT): and smoking restricted to I 
enclosed offices and; open-plan partitioned cubicle workstations (RWS)j 







Offu c buildings 

Twenty-seven air-conditioned buildings with either variable air or constant air 
volume ventilation systems were selected I on tihe basis of their smoking policy, office 
layout, nature of office activities and location (Table 1 )i The buildings were occupied 
by 17 organizations performing typical otlice work (e g. insurance, finance, sales and 
marketing). Fifteeniirfthese, occupying 25 of the 27 buildings: were priv ate companies. 
One building was occupied by u federal agency, and one by a municipality. The 
investigators were blind uvihe indoor air quality status of the buildings; apart from one 
building where an indoor air quality problem was;suspected prior to study. Ail the 
buildingswere in theEastern or mid-Western I .S.A.: Alabama: Georgia. Illinois. 
Indiana: Kentucky. Massachusetts. Michigan. Minnesota. New York State. Ohio and 
Virginia. 


I 

i 

i 


Selection of iiulonr air qualify surrey sites | 

Except in building G indoor air quality in each building was sampled in the 
winter spring season over two consecutive workdays: building G was sampled for 
1 day, because a census sample of workers had been achieved 1 On each day two sites ; 
were sampled in the: morning and two more in the afiernoom The total number of sites ; 
surveyed fbr each smoking policy is shown in Table 2 


Indoor air qualif y sumplinq 

All sampling was conducted during normal office hours and on fb Hi working days; 
Where possible, sample sites were chosen in live most densely occupied office areas with 
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buildings B, IX F, HJ, K, L. Nf, : M, (X RwS; V, W.;.X, Y; Z and IA A the. CO monitor used ' 

had a detection range from 0 to 50 ppm ± I % full-scale accuracy, with a detection limit' 
of 0.5 ppm, In the other buildings, the CO monitor used had a detection range from0 to 
10 ppm± 1% full-scale accuracy, with a detection limit ofOi l 1 ppm. The instruments 
were zeroed as reqairedland on each sampling day they were calibrated morning, early 
afternoon and at the end of the day with a certified span gas of 30 ppm CO ini air. 

Carbon dioxide {CO\), CO r ofien may be an indicator of ventilation rate: Levels i 
were measured with a portable non-dispersive i.r. absorption gas analyser with a> 
measurement range of 50 9950 ppm (+ 0.01 %, 50 ppm detection limit). The monitor 
was calibrated using 99.99% dry nitrogen as a zero gas and a span gas of 1000 ppmi 
C0 2 in nitrogen in the morning, early in the afternoon and at the end of the day (this 
instrument proved to be sensitive to orientation, and vertical or horizontal orientation 
produced different readings: all calibration and (measurements were performed in ihe 
vertical position). Once the monitor's reading was stabilized I (- 10 s), a I-min average 
concentration was read. 

RtspirMc suspended particulates (RSP i S ), A piezoelectric microbalancc (3.5 //m 
impaclor) was used to measure RSP_ V , (the instrument was factory-calibrated with 
dilute welding fumes, with a sensitivity of 180 mg Hz" 1 )j The measurement range of 
the instrument was 0.0H 3.5 mg m“*\ The sensor was cleaned every four measure¬ 
ments, and the impactor and precipitator needle were cleaned prior to sampling in each 
building. For each measure, air was sampled for I20s (l()/ig m "' detection limit). 
RSPv.v underestimates the respirable particulates from FTS by 10 15% (iNCirHKJ'TUt- j 
sr.K cidi.. 1988). ’ jj 

Illuminance. Horizontal illuniinance was measured with a digital illuminance meter jl 
with a measurement range of OjOU to 99900 liix + 2%. Areas adjacent to windows were J 
avoided because these were not representative of the illuminance levels for the majority j 
of tlhe workspaces sampled. 

Tempera litre | Claud relatin' humidity t RH). Temperature and RH were measured \ 
with a digital hygro-lhcrmomctcn. For tempera Hu re the measurement range was j 
0.0 800 C with 0 1 C resolution and an accuracy to + 0J C: for RH it was 10 95% 

RH, with 0.1% resolution and an accuracy of + 2%>.. 

Statist it aidesign and analysis of'the indtutr ennnnimcnttd dtttii j 

The physical environment data were analysed as a split unit design, with smoking : 
policy as the whole unit treatment factor and time-of-day (morning or afternoon i 
samples) and smoking designation of an area (smoking or non-smoking-.) las- the sub- ; 

unit treatment factors The building was the experimental unit for smoking policy The 
effect of smoking policywas tested using the pooled variation in mean response among 
the buildings within each policy as the error term. The local ions at which the pollutant 
and environmental measures were taken within each building was nhc experimental 
unit for the lime-of-day smoking designation treatment combinations: Effects of liime- 
of-day, smoking designation, interactions bet ween i.these factors and interactions of 
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these factors with smoking policy were tested with the variation among locations in 
buildings as the error term. All interactions were tested I at a liberal P—O.l, whereas 
main; effects and contrastswere evaluated at P=0.05. The design was unbalanced 
because of unequal numbers of buildings for each policy and unequal numbers of 
smoking and/or non-smoking sites in a building as determined by the smoking policy: 
Consequently, mean values and standard-errors;given in the results are least-squares 
estimates for unbalanced models (i e. means of the elTccts in a mode! which, would be 
expected if the design were balanced). When the effect of policy was significant for a 
pollutant, comparisons among the smoking policies were made using the following set 
of orthogonal contrasts; RSV vs RF (separate ventilation vs filtration); RNT vs 
average of RSV and RF (dilution from smoking areas vs some form of air cleaning); SP 
vs average of RNT. RSV and RF (no smoking vs some form of spatial restriction of 
smoking); RWS vs average of SP. RNT. RSV and RF (dilution of dispersed sources vs 
spatial restriction or no sources); An orthogonal set is the most concise way of 
summarising the policy differences using independent pieces ofinformation (Snedecor 
and Cochran. 1989). 

To assess properly the main effect of smoking area designation and the interaction 
between smoking area'designation and policy, separate analyses using only the data 
from the spatially restricted smoking policies (RSV. RF. RNT) were performed. When 
the interaction between policy and smoking designation was significant fbr a pollutant, 
comparison of measures- between smoki ng and non-smoking areas were made for each 
spatially restricted smoking policy (RSV. RF. RNT) t Where appropriate, these 
comparisons were made using unequal! variance-independent samples /-tests. 

Partial correlations among the environmental measures were calculated to assess 
how tightly coupled the concentrations of the pollutants associated with tobacco 
sm ok e w ere. a fieri acco urn li ng for tih c va r.i a t i on i in the measurements due to the design 
variables The statistical analysis of the concentrations of CO. CO : and formaldehyde 
were performed on the natural log scale, because the variance varied with the mean, 
indicating thati these data were log-normal. Because there were zero readings on the 
concentration scale for CO and formaldehyde, for computational purposes, a value of 
IB J wasaddbd to each CO reading and izero readings for formaldehyde concentration 
were replaced i with the dciectionilimil of the method i(l').01 8 ppm :)j Statistical analyses of 
the physical* environment data were performed using multi variate statistical analysis 
software (SA.S v.5.18). 


R I: SI LIS 

The gravimetric method used to measure RSP, vwas found to be unreliable, with 
26 of 27 field blanks showing some discrepancy fronr their initial mass: six with negative 
ss. 21') with positive mass. u.v.PM was not significantly correlated with gravimetric 
RSP, 5 . even though the u.v.PM samples were: derived fromi these RSP samples, 
Allihoughistaliistical analysis of gravimetric RSP, 5 had been reported for 18 of these 
buildings in an interim paper (Hoxn.vra/;, 1991 ).thc results from the 27 buildings were 
considered unreliable and were not further analysed. 

The average percentage of current smokers was comparable for each policy 
ISP- 19%. range 13 26%: RSV = 20%. range 16 25%c RF = 22%. range 15 30%: 
RNT= 16%. range 7 29%; RWS=I5 , '/«k ranue 10 20%);. Fslimales of uhe total 
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number of cigarettes smoked during the workday by tihe smokers surveyed in 
the RSV, RF, RNT and RWS policies, and the total number of person hours spent in 
smoking areas in the RSV. RF and RNT policies were calculated from the questionnaire 
survey data. No significant differences among the policies in which smoking was allowed 
were found either for the mean number of cigarettes smoked daily [RWS (mean = 345. 

SE = 55), RNT (mean =186. SE = 67). RSV (mean=l!62. SE = 67). RF (mean =191. 
SE- 55)]. or for the total number of person hours spent in smoking areas of the spatially 
restricted policies [RSV (mcan = 26j25. SE— 19.55). RF (mean = 57.63* SE = 15.99). 
RNT (mean = 18.75. SE = 22.57)] by the smokers surveyed. 

Smoking policy had a consistent effect on indoor air quality for the pollutants ; 
measured, although the concentrations of pollutants generally w'ere low. The overall 
effects of smoking policy on indoor air quality were tested using the mean values of the 
pollutants and of the environmental measures for each policy, regardless of the 
smoking designation ofsurvey sites within buildings or of the time-of-diiy (Table 3). To 
assess the effects of smoking areas and of non-smoking areas on pollutants and 
environmental measures, the mean values for the smoking and for the non-smoking 
areas of the spatially restricted policies were used (Table 4). The effects of smoking 
policy on indoor air quality in the non-smoking office areas of the SP. RSV, RF and 
RNT policies and in the office areas of.the RWS policy were tested using the means 
values of the pollutants and environmental I measures for only the office areas for each 
policy (Table 5). 

Formaldehyde concentrations generally were very low in the study buildings, 
although building AA had relatively high concentrations (range 0.027 0.052 ppm}. 
There was no effect of smoking policy on formaldehyde, although there was an 
interaction of smoking policy with survey site (.F, : . 1MI = 3.34. /*= 0.0003): formalde¬ 
hyde concentrations were higher in smoking areas than non-smoking areas in the 
buildings where spatially restricted!smoking policies appliedi whereas there were no 
differences among the sites for the SIP and RWS policies. To lest the effects of smoking 
area designation on formaldehyde concentrations only the dint a from the areas of j 
spatially rest nicted smoking policies (RSV. R F and R NT) were analysed. There was an 
interaction of smoking policy with smoking designation of! the site l/ 2 Hh = 3.56. | 
P = 0j0326i). There was no difference in formaldehyde-concentrations- between smoking j 
and non-smoking areas for the RSV policy: the formaldehyde concentrations- in i 
smoking areas were double those imthe non-smoking buildings for the R F policy: and \ 
the highest form aldehyde: concentrations in the non-smoking and smoking i areas-were- * 
found for like RNT policy, (Table 4)i For only uho buildings with spatiially restricted ; 
policies, there was a marginal effect of smoking policy (i/n, , ,,= 3.75. / J = 010543 ); 
resulting fromia,difference bejweemthe RNT and the average of the RSV and RF • 
policies (F, , > = 7.44. /? — ().() 184). When only the office area sites were analysed for all j 
five policies, there was. no significant effect of smoking policy on formaldehyde j 
concentrations (Tabic 5)1 but the orthogonal contrasts- showed 1 that there was a j 
significant difference: he tween tlhc RNT and the average of the RSV and RF policies j 
[\F\ ,, = 5.23. P=0.032IT After accounting for the variation ini (Concentrations due to ; 
the designi variables (policy, site and time-offday) formaldehyde w'as positively ; 
correlated with CO (r = 0 28. F = ().00{!)5i) and with C0 2 (r = 0.26., F = (MX) 113). 

There was no effect! ofismoking policy on CO, although there was an interaction of ; 
smoking,policy with site for CO (,F, 2 , 5(l = 1.96, P - ().(i)320). For the spatially restricted J 
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Taw11 y Indoor iwikmsmin! ms dm mss iok i acii svnKisti policy* it i:AST-sgi ! ARi:s means and standard errors) 



Sl> 

RSV 

RF 

RNT 

RWS 

CO (ppm)+ 

0.1 

0.7 

0.4 

0.6 

0.1 


[0,(X>. 0.5J 

LO.I.5.2J 

[0.1.2.1] 

[0.1. 3.3] 

[0.0. 0.5] 

CO, (ppm|+ 

56! 

' 6(X) 

674 

634 

573 


[478. 657} 

(494. 729J 

[575. 791] 

[533. 755] 

[488. 671] 

Formaklehvde tppm)+ 

0.01 

0.02 

0.02 

0.05 

0.01 


[o.oos. o.o:sj 

(O.tXW. 0.046J 

[0.013."0.047J 

[0.025.0.103] 

[0.008. 0.028J 

RSI' l/ig m ■'> 

29J + 9J 

63.1 ± 1 1.4 

90.4 + 9.3 

65.7 ±10.2 

22.6 + 9.3 

u \.I'M l/ig m ■-) 

0.2* 22 9 

44 | ±28.1 

114 9*22.9 

19.8 ± 25.1 

10.2*22 9 

Nicotine t/ig m ■) 


6.90 * 3.0J 

20.8 + 2.4 

3.8 ±2.6 

2.4 + 2 4 

Temperature < Cl 

2 3.9 *0.4 

24.3+0.5 

23.9 + 0.4 

23.7 + 0.4 

23.6*0.4 

RH (%} 

29.7*3.5 

35.1 ±4.3 

33.4 ±3.5 

28.3 ±3.9 

35.9*3.5 

Illuminance (lux! 

472.4*62.4 

51 3.3 ±75.3 

507.9 ±62.4 

586.4 ±67.8 

564.9 + 62.4 


*SP smoking prohibited: RSV smoking rclrictcd to separately ventilated areas: RF - smoking restricted to rooms with local air filtration: RNT — 
smoking restricted to rooms with no additional air treatment: RWS smoking restricted to work stations. 

+ Least-squares means back'transformed from natural logarithm scale; hack* transformed 95% confidence limits shown in square brackets. 

2Nicotine measured only in separately ventilated smoking areas. 
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Tabu: 4 . Indoor i nvikonmi nt cnsomnss kik no^-smokinu and smokincj a nr: as 01 spatially kustkktu) smokinu policies* (u.ast-souari.s mi: a ns and 

STANDARD IKKORS) 



RSV 

Non-smoking 

RSV 

Smoking 

Rl* 

Non-smoking 

Rl- 

Smoking 

RNT 

Non-smoking 

RNT 

Smoking 

C'O (ppm)* 

0.3 

1.5 

0.2 

1.2 

0.4 

1.0 


10.2. (1.71 

10.7. 3.4 J 

Hu.o.ji 

10.7. 2.1] 

[0.2. 0.8J 

[0.4. 2.2J 

CO, (ppm It 

573 

635 

673 

676 

597 

698 


|523. 627] 

(571. 707) 

1626. 723] 

1625. 732] 

[550, 647J 

[624.781J 

1 ormaklehxde (ppmIt 

0.0: 

0.02 

0.03 

0.04 

0.05 

0.06 


(0.1113. 0.0341 

(0.017. 0.034 J 

(0.014.0.022) 

(0.030. 0.049J 

[0.038. 0.063J 

[0.039, 0.079J 

RSIM/tgm ‘I 

33.(i ± 11.9 

nw.su 4.0 

37.0 + 9,4 

157.3 ±10.3 

38.9+ 10.5 

117.4 ± 14.7 

u.v.pki i/ig m ’i 

3.3 + 33.1 

109.1 27.3 

14.5+ 18.3 

236.6 ±20.0 

9.3 + 20 5 

39.2 ±28.6 

Nicotine (/ig m ■ 1 


8.2T 5 It 

o.q+3.3 

44.2 + 3.6 

0.3 +3.8 

10.3 ±5.2 

Temperature (Cl 

34.4.1.0.3 

24 4 j t).2 

24 0 1 tL2 

23.H + 0.2 

23.7 ± 0.2 

23.8 + 0.2 

Rll ( , V» 

W.fti 1.3 

35.4 ± 1.5 

33.21 l.o 

33.6 ±1.1 

2K.2 ± 1.2 

28.7 + 1.6 

Illuminance (tuxt 

544.5 fc4S.4 

4KX.5 157.0 

515.4-t 3N.7 

503.6 ±42.0 

648.8 + 43,0 

474.5 + 60.3' 


*SP smoking prohibited: KSV smoking restricted to separate!) u-ntilated areas; Rf smoking restricted to rooms with local air filtration; RNT—smoking 
restricted to rooms with no additional air treatment; RWS smoking restricted to work stations. 

♦ Least squares means hack-transformed from natural logarithm scale; hack-transformed 95" « confidence limits shown in square brackets. 

JNicotine measured onl> in separate!) ventilated smoking areas. 
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policies. CO concentrations were higher in smoking areas than in non-smoking areas 
(F, 8K = 26.40. P-0 0001; Table 4). CO'concentrations were notsignificanlly different 
among smoking policies for the office;areas (Table 5). 

There was a significant overall efTect of smoking policy on u.v.PM (F 4 22 =4 01. 
P = O.0l36h and concentrations were higher in the areas applying restricted policies 
than ini those applying the SP policy (Table 3); There was aninteraction of! smoking 
policy withisite:for u.v.PM 1M , = 6.99. P = 0.0001). Analysis of the data 1 for the 
spatially restricted smoking policies showed that u.v.PM concentrations were higher in 
smoking areas than in non-smoking areas, although the difference varied among the 
smoking policies and was greatest for the RF policy (F 2tlK = 915:5; P- 0.0002: Table 4). 
Comparisons of only the office areas among the five smoking policies dho showed a 
policy effect (T^ 2: = 4.08, F = G.00!I27: Table 5k and the following contrasts were 
significant: SP vs average of RSV, RF and RNT 22 = 5.97, P= 0,0230): and.RWS vs 
average of SP, RSV, RF and RNT (F, 22 = 4.10. P- 0.0552). u.v.PM was positively 
correlated with RSPy, 5 (r = 0.45. /*=0.000!! ), after accounting for the variation due to 
the design variables. 

Smoking policy affected RSP 35 (F 4 = ^ ^4. P- 0.0007), because of the significant 

difference between the SP buildings and all the buildings with restricted policies 
(F, , 2 = 15*53. F = 0.OGO1): and tihe: buildings designated RWS and those applying 
other restricted smoking policies ( F, 22 = 13.80: F = OiOOI2: Tablb 3). For the buildings 
applying spatially restricted smoking policies RSP v 5 was higher insmoking areas than 
in non-smoking areas (Table 31 (F, HK = 85.37. / >: = 01(00011), There was a difference in 
RSP V 5 among policies for the office areas (Table 4)1 RSP, , was lower in the R WS 
policy than other policies (F, 22 “ >.06. / , = 0i0348). 

Nicotine concentrations were not measured in the SP buildings (One test in a SP 
building was conducted to check that nicotine was not detectable), or in the non¬ 
smoking areas of the RSV buildings, Nicotine concentrations differed among the areas 
with spatially restricted policies, whether the RSV policy was included in the statistical! 
analysis (F : i: = 8.22. F = Oi(Kl5:6;) or excluded from it (,F, = 12.90. F = 0.(H)58). The 
arcasapplying the RF policy had the highest concent ration of nicotine (Table 3). There 
was a significant interaction between smoking area designation and policy (F, fi5 -= 
14.88. F = (U)(H)3). The nicotine concentration was significantly greaterm the smoking 
areas than in the ollice areas for the RF and RNT policies, but the con cent ration in the 
smoking areas of the RF policy was more than four times that of the RNT policy, 
whereas the nicotine concentrations, in the office areas were very low for both policies* 

Partial! corrclhlions were calculated! using the data from tihe spatially restricted! 
policies to assess how lightly coupled nicotine concentrations were with other ITS 
pollutants. Only u.v.PM was positively correlated I with nicotine (r = 0.32. P = ().()()57); 
Using the data relating: to all policies RSP A < correlated with u.v.PM (r = ();36. 
P = mmn );CO|r = (1.23: F=03)05)iaivd C'()y(r = 0 29. F = 0.0003). CO and C‘() 2 were 
positively correlated (r = 0.26. P- O.OOJil). RH was positively correlated with 
formaldehyde (r=0.23: F = ()O050)iand!with CO, (r =0.33. /> = (D.<H)()1). and negatively 
correlated with temperature (r = —0.17. / , = OX)341). 

There were no significant effects of smoking policy on COy, tempera liu re. relative 
humidity or illumination. Analysis of only the spatially restricted smoking policies 
showed higher concentrations o\C0 2 iJ'\ KH = 5.89, / J = Oj()173) and 1 Ibwer levels of 
illumination (F, MH = 4.<)2, P =0:048!l):in 1 the smoking areas (Table 4), 
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Effects of prohibit,iittf smoking, vs a (lowing smoking on indoor environment conditions 
To l est i h e e fTec is of p no hi biting .smoking - vs alio w in g sm ok i n g on c n \ i no ninen t a) 
conditions, dtita^lor the SPand R WS policies were compared iiin SP buddings there was 
no smoking and in R WS buildings smoking could occur at any dbsk ); No significant 
differences between the SIP and' RWS policies were found in concentrations of CO. 
CXX* metered R lS P o r formaldehyde:, or in levels of illumination,,or. temperature or 
RH, bul u.v.PM levels were higher for buildings where tihe RWS pulley was operated 
(f) .],,, = 38.75,,P =0,0001: Table 5i). 


discussion 

Few difTercnccs in indoor air quality were found among the live smoking policies 
studicd.and the pollutant concentrations which werefound arc comparable to those of 
other studies of the effects of smoking policy on indoor air quality (Stkrijng cl aL 
1 9X7: Ou)aki:r ct aL. 1992!). Concentrations of ETS ‘tar\ as measured by,u.v.PM, and 
respirable particulates (3.5 /rm) were lower for the smoking prohibited policy than for 
the restrictive smok ing policies. However, the amount of particulate material Iwas small 
relative to current occupational exposure standard^ for respirable particulates. 
Nicotine concentrations also varied among the restrictive smoking policies, and this 
was correlated with u.v.PM. which measures the ‘tar* particulates of ETS. 
Formaldehyde concentrations generally were very low in the study buildings, andiwere 
unaffected by differences in smoking policy. Because indoor air quality was assessed 
using integrated air sampling performed in general office areas, these results indicate 
the average concentrations which a non-smoker could be exposed to in the office. The 
air sampling techniques which were used did not measure transient changes iin 
pollutant concentrations around point sources, such as the immediate change in 
pollutant Idvels which niiglu be expoetediin the micro-cnvimnmencof an active smoker. 
The results show that for ETS associated pollliitanls, ambient indoor air quality in non¬ 
smoking office areas in air-conditioned office buildings which spatially restrict 
smoking can be comparable to that in buildings which prohibit smoking: 
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MEASUREMENTS OF THE EFFECTIVENESS OF DUST 
EXTRACTION SYSTEMS OF HAND SANDERS USED ON 

WOOD* 

A. Thorim: and R. C. Brown 

Occupational Medicine and 1 Itvisitne Laboratory. Htaltli and Safetv Fixocutivc. Broad Lane. 

Shcllkrld S3 7HQ. I K 

(Rcn intl 22 June 199 \ and in final lorn i 21 December ■ 19931 

Abstract An investigation! has Keen' made of the production of dust hy hand sunders when u.sed 
without dim extraction, with integral dust extraction and with external dust extraction. The 
apparatus used for the measurement was.designed to carry out sanding in a repeatable manner, 
simulating normal working practice. The geometry of It he wood sanded affects the dust concentration 
critically whereas the effects of the sandpaper grade and of the filtration elKcienty of the collection 
s\sicmiarc small Holt sanders prmlucc high dust levely in all Munitions, hut they are very efficient in 
removing uo<hJ. w hich means,thal they need to He used foronly a, short period. The integral systems of 
orbital kindcrs give good dust control on Hat wtu*d but notion edges: The high air extraction rate of 
external systems results in much better dust control during the sanding iff edges, though the 
performance of i he I wm extraction systems on ilia t wood is broadly similar The m/c distribution ofthe 
dust clouds produced Hy the sanding is rclativeh constant, hut that produced by rotary vanders,tends 
to be coarser than lhat produced by orbital sandcrv consistent wnhithc smoother finish given by the 
Ui.lt or. 1 lie elec trie charge, on the dust produced by sanding i» high. 


I STKODl ( I ION 

Proi o\ca i) exposure to high levels of wood dlisi can cause health problems. Friar ci 
al . U9Jx0i) found than the incidence of nasal cancer was KHiG'or more times greater 
amongst wood workers than amongst the general male population. Boj.m-Ai dorit ci 
i//.. (;I9N9) carried out a general,study oflnasal and nasopharyngeal cancer, and found 
that 5iyears’ exposure to wood dust increased tihc risk: of sucli diseases by a factor of 
about S; Norim rut (I9X9| found an associationbeiween longrterm exposure WvcerUt in 
hardwoods (beech. oak and chest m ut) and cancer in organs.remote from the respiratory, 
system, such as the colon and the haemopoietic system. Pisami t.i.o (I 9K9) listed the 
conditions tlluit the dust can cause, such as dermatitis, sore or itchy eyes, allergic and 
non-allergic respiratory effects, sino-nasal effects such as blocked or bleeding nose, and 
cancer in tlie nose and elsewhere: 

Correlations between the incidence of symptoms and levels of exposure arc quiitc: 
poor, probably because many of the effects depend oir the: sufferers history: Exposure 
to hardwood diust appears to be associated with a greater incidence:of many of the 
symptoms than does exposure to softwood dust. Nevertihelbsv. the soft wood i western 
red cedar, is known to be highly allergenic: and other soft woods cause dryness in the 
nose, and general eye. nose and!throat irritation: Workers exposed to wood dust!also 
complain of prolonged coldk and frequent hcaditches. 
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